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ABSTRACT

Early lift-off drift and tower impact studlies which had
been conducted for Titan III-C and Saturn V were analyzed. For
Titan III-C, programmed bilasing was considered, but program man-
agement decided in favor of a 50% placard of the conservative
Titan III-C specification wind to eliminate any possible collision

prcblem.

Yaw biasing was selected for Saturn V as a means of
eliminating launch day surface wind restricticns for all flights,
particularly those flights with low thrust-to-weight ratios at
lift-off, and minimizing LUT damage due to engine hot gas impingement.
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INTRODUCTION

Reference 1 requests an analysis of the relative 1lift-
off conditions of Titan III and Saturn V, and the effects cof pro-
grammed attitude control from the pad. Data utilized for this
ana.iysis have been obtalinea from the listed references, discussions
with MSFC personnel, and discussions with Titan III personnel at
Martin-Denver. The two airborne/ground configuraticns are signifi-
cantly different; however, as will be shown, the problems of po-
tential collisicn with ground equipment immediately after lift-off
were quite similar. The solutions to the problems were different,
as the discussion will show.

SATURN V

The pad orientaticn of the Saturn V vehicle with respect
to the LUT (Launch Umbilical Tower) is shcown in Figure 1. As can
be seen, a 180° wind (south to north wind) could force the vehicle
in the direction of the LUT, and this constitutes the basis for
concern. Summarized in Reference 2, dated November 9, 1966, are.
the results of the original six-degree-cf-freedom, rigid-body dy-
namics analysis of the space vehicle's trajectory from lift-off
until the S-IC engine nozzles clear the top of the LUT. The ef-
fects of distributed nonlinear aerocdynamics, first order actuators,
the soft release mechanism, and 30 vehicle uncertainties were all
consicdered to give the zero wind lift-off trajectory. It was then
calculated that a wind amplitude of 7.8 M/SEC would be the limit-
ing value for tower clearance, as shown on Figure 2. This con-
verts to a launch wind constraint to exclude @ launch in any wind
with a southerly component greater than 7.8 M/SEC. Such a wind
censtraint is shown in Figure 3 alceng with various percentile winds
for February and March.

The original analysis was updated by R=ference 3, dated
July 21, 1967, using increased control system gains, AS-501 measured
center enginre misalignment, and a programmed yaw bias. The gains
had been increased for better control system stability margins
and to improve survival in the event of certain malfunction con-
ditions; however, the change also reduced the space vehicle's 1lift-
off dispersions. The measured center engine cant of .91° just
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happens tc be in the direction to steer the vehicle away from the
LUT. Of course, the yaw bias program, shown in Figure 4 as a
function of flight time, was selected to increase tower clearance.

The results of the Reference 3 analysis can be seen from
Figure 5; adeguate LUT clearance is assured even with a 95 per-
centile, 180° wind. Figure 6 shows that significant margins exist
even with a 99 percentile wind; the wind constraint is effectively
removed from the vehicle/tower impact problem. Table 1 summarizes
all lift-off clearances, and shows the effects of yaw biasing and
the revised contrcl system. The table also shows that there are
other possible interference points during lift-off.

Yaw biasing was perhaps not required for AS-501-~-as
shown by the last entry in Table 1. On subsequert Saturn V flights,
however, where the effects of wind are more pronocunced due to
lower lift-off thrust to weight ratios (T/W = 1.24 for AS-501;
1.18 for AS-504) and center engine misalignment may not be favor-
able, the yaw biasing will probably be required. An acdditional
benefit of yaw biasing is to help minimize LUT damage from engine
hot gas impingement.

TITAN IIT

Analyses performed for Titan III-C, Reference 4, indicate
that the specification winds could force the vehicle into the ces-
cillation envelcpe of the retracted umbilical mast, as shown in
Figure 7. Included in Martin-Pernver's drift study were eight "random
independent variables", such as thrust vector misalignment, and
center of gravity offset: also included were factors such as In-

ertial Guidance System (IGS) error and the thrust/weight ratio of
1.67.

One solution to the vehicle/mast impingement problem
considered was a pitch steering program. The IGS issues discrete
steps of attitude commands of approximately 0.18° per step. Figure
8 shows that a three-step command would provide the necessary
clearance.

An alternate soiution would be a wind placard. The 6244
specification wind is U40 knots at 15 feet elevation with the fol-
lowing altitude variation:

This is actually a very conservative (high) specificaticn. Since
the wind drift was added to other trajectory dispersions, it accourts
for €7 inches cf the 92 inch drift. A wind plecard of 50% cf 62LA
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specification winds gives only 25 inches of drift, leaving y2
inches of clearance. This was the solution selected by the Air
Force.

CRITICAL GROUND WIND PROBAEBILITY

Table 2 1s presented to give the reader a better ap-
preciation of the probability of actually encountering ground
winds of the magnitude and direction necessary to cause a collision
in the cases discussed above. That is, it allows the reader to
evaluate the severity of the launch constraint.

SUMMARY

In the case of Titan III-C, a 50% placard of a conserva-
tive wind was used to eliminate any possible collision problem.
The probability of exceeding the 50% wind at ETR, even in the
windiest month, is rather small (3%). Martin-Denver reports that
winds have not approached the 1imit levels during the launches
to date. It 1s interesting to note that Gemini Launch Vehicle
tower clearance studies, References 5 and 6, showed no collision
problems with 99 percentile surface winds, even with actuator off-
null errors of .7°. (The specification limit was .25°.)

Saturn V, AS-501 studies, when latest center engine
misalignment and control system data were used, indicate the yaw
biasing was not actually required. However, when considering
later vehicles with lower T/W at 1lift-off, and considering that
yaw biasing tends to minimize LUT blast damage, the biasing
appears to be justifiable.

ANV VX 2,

2031-JAL-mch J. A. Llewellyn

Attachments
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